(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 




(43) International Publication Date (10) International Publication Number 

11 December 2003 (11.12.2003) PCT WO 03/103010 Al 



(51) International Patent Classification 7 : H01J 49/42, 
49/40 

(21) International Application Number: PCT/US03/15718 

(22) International Filing Date: 15 May 2003 (15.05.2003) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

10/159,222 31 May 2002 (31.05.2002) US 

(71) Applicant (for all designated States except US): 
MICH ROM BIORESOURCES, INC. [US/US]; 1945 

. Industrial Drive, Auburn, CA 95603 (US). 

= (71) Applicants and 

(72) Inventors: NUGENT, Kerry, D. [US/US]; 10560 Canyon 
= Creek Lane, Penn Valley, CA 95946 (US). WANG, Houle 
■■■=■ [US/US]; 12461 Morning Mist Lane, Auburn, CA 95602 
= (US). 



(74) Agent: HEISLER, Bradley, P.; Heisler & Associates, 
Suite 300, 3017 Douglas Blvd., Roseville, CA 95661 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NI, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SK, SL, 
TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations "appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Title: TWO-DIMENSIONAL TANDEM MASS SPECTROMETRY 




< 

o 

l-H 

o 

en 

ym ^ (57) Abstract: A tandem mass spectrometer is provided including two mass analyzers with an ion fragmentation device interposed 
— ^ between the two mass analyzers. The first mass analyzer is a non-destructive mass analyzer, such as an ion trap, to initially collect 
^2 and hold parent ions and sequentially release parent ions of known mass to charge ratio. The released parent ions pass through the 

fragmentation device, such as a collision cell, where the parent ions are fragmented into daughter ions. These daughter ions then pass 
Q on to the second mass analyzer. The second mass analyzer is of a high speed full spectrum type, such as a time of flight analyzer, 

so that a full spectrum of mass data is provided for the daughter ions, to go with parent ion mass spectrum data from the first mass 
^ analyzer. 
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5 

Technical Field 

The present inventionrelates to mass spectrometry apparatuses and methods for obtaining data 
10 which identify the mass to charge ratio of various parent ions in a sample as well as mass to charge 
ratio of daughter ions produced by fragmentation of the parent ions in the sample, such as to 
determine structural information about the parent ions, and to derive other information about 
relationships between the parent ions and daughter ions. More particularly,this inventionrelates to 
mass spectrometry systems which include tandem mass analyzers separated by an ion 
15 fragmentation cell to obtain multi-dimensionaldata about the parent ions and daughter ions of the 
sample. 

Background Art 

20 

In simple mass spectrometers (MS), sample ions are formed in an ion source, such as by 
Electron Impact (El), or by Atmosphere Pressure Ionization (API). The ions then pass through a 
mass analyzer, such as a quadrupole or time of flight device (TOF), for detection. The detected 
ions can be molecular ions (parent ions), fragment ions (daughter ions) of the molecular ions, or 

25 fragment ions of other daughter ions. 

Quadrupole mass analyzers and magnetic sector mass analyzers, are mass filter type mass 
analyzers that allow only ions with specific mass/charge ratios (m/z) to pass through. Other ions 
are discarded during the scan. These type of mass analyzer is not non-destructive. This type of 
mass analyzer is thus not particularlyeffectivefor a full mass scan (also calledfull spectrum scan) 

30 where multipleions of different m/z in a sample are to be detected and/or measured. Ion trap mass 
analyzers can trap ions and than analyze them sequentially based on the Fourier Transform Ion 
Cyclotron Resonance (FT-1CR) m/z. Mass analyzers can obtain similar full spectrum data, but in a 
different fashion by first measuring all of the ions and then performing a fourier transform analysis 
to measure the different ions in the sample. Therefore, the duty cycle and effectiveness of these 

35 types of non-destructive mass analyzers for full mass scans is higher than for mass filter type 
instruments. Time of flight mass analyzers sort ions based on flight time from an accelerator 
region to a detector spaced from the acceleratorregion. TOF mass analyzers can detect all ions, no 
matter what their mass to charge ratios are, and so they have very good sensitivityfor a full mass 
scan spectrum. 
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Ion fragmentation mass spectrometers have been developed, characterized by having two or 
multiplesequential stages of mass analysis and an intermediatefragmentation region where parent 
ions from the first stage are fragmented into daughter ions for the second stage. Hence, these are 
generally termed "tandem" or "MS/MS" instruments. In such tandem mass spectrometers, 
5 sample ions are produced in an ion source, and the first stage of mass analysis analyzes selected 
parent ions of particular mass or m/z with a mass filter type mass analyzer. Then, some of the 
selected parent ions are fragmented or otherwise caused to dissociate, such as by metastable 
decomposition, collision induced dissociation (CID), or collisionallyactivateddissociation (CAD), 
to produce the daughter ions. Finally, the second stage of mass analysis sorts the daughter ions 

10 according to mass or m/z. 

There are two styles of instruments in terms of "tandem" mass spectrometers, "tandem in 
space" and "tandem in time." Tandem in space mass spectrometers, such as triple quadrupoles 
and quadrupole-time of flight (Q-TOF) devices, have two mass analyzers, one for parent ion 
selection and one for daughter ion detection and/or measurement. Two mass analyzers are 

15 separated by a fragmentation device. Tandem in time instruments, on the other hand, have one 
mass analyzerthat analyses both parent ions and daughter ions, but sequentially in time. Ion trap 
and FT-ICR are two most common mass spectrometers that have tandem in time MS/MS. The 
parent ions first are selected in the analyzer cell then fragmented. Often fragmentationtakes place 
inside the analyzer. Then the daughter ions are analyzed in the same cell. Alternatively^ is known 

20 to analyze the daughter ions in a downstream analyzer,such as a TOF analyzer. 

Several MS/MS scan types are used based on the relationship between the parent ions and the 
daughter ions. "Daughter scan" is a method that involvesa full scan of daughter ions while the 
parent ion from which the daughter ions originate is pre-selected and fixed. This method is useful 
if an analyst knows the molecular weight of the parent ion and wants to know structural 

25 information about the parent ion. For instance, two distinct parent ions of similarmolecularweight, 
but different structure can be differentiated by what daughter ions they typically fragment into. The 
data dependent daughter scan is often used when combined with liquid chromatographs (LC- 
MS/MS). The mass spectrometerautomatically selects a parent ion peak based on previous scans 
and the peak intensity, charge state and other considerations. The mass analyzer then makes a full 

30 scan of the daughter ions resulting from fragmentation of the parent ion of interest. 

"Parent ion scan," also known as "precursor scan," is a method that has a fixed daughter ion 
selection for the second analysis stage, while using the first stage to scan all of the pre- 
fragmentation parent ions in the sample. Only those molecules/compounds in the sample are 
detected which produce a specific daughter ion when fragmented. If both parent ion selection and 

35 daughter ion selection are fixed, an analyst will get selected reaction monitoring (SRM). SRM has 
the best selectivity ^nd good signal to noise ratio for quantitation. 

"Neutral loss scan" is a method that shows all parent ions that lose a particular mass during 
fragmentation. The second stage mass analyzer scans the ions together with the first stage mass 



2 



WO 03/103010 PCT/US03/15718 

analyzer but with a certain offset. Neutral loss scans are used for screening experiments where a 
group of compounds all give the same loss. 

Magnetic and electrostatic sector (together referred to as "sector") mass analyzers have 
relatively slow scan speed, so sector based MS/MS instruments including sector-sector, sector- 
5 quadrupole and sector-TOF are normally good for daughter scans which don't need high speed 
scanning of parent ions in the first stage. Tandem in time instruments select the parent ion first, 
then fragment and scan the daughter ions later. Normally this type of instrument can only perform 
full mass scan of the daughter ions. 

Time of flight mass analyzers are known to have a number of advantages, including fast 
10 scanning rate, higher sensitivity,relatively high resolution and good mass accuracy. Q-TOF is a 
MS/MS instrument that combines quadrupole and TOF analyzers. It gives very good mass 
accuracy and sensitivity on full mass daughter scans but only filters a chosen parent ion with other 
parent ions being lost. 

Triple quadrupole mass spectrometers can do all of the abovescans. However, since both the 
15 first and second stages of mass analysis are of the mass filter type, triple quadrupole systems are 
generally less effective than ion trap for full scan MS/MS, and less accurate and sensitivethan Q- 
TOF. 

To solve modern analytical problems an analyst often needs to use more than one MS/MS scan 
method. For LC-MS/MS the parent ions duration time is limited because additional peaks elute 
20 from the LC device in a specified time period. Normally there is not enough time to do different 
types of scans in a single LC run. It is also not unusual that several parent ions co-el ute at the 
same time. In many cases, data dependent scans do not have enough time to fully analyze all parent 
ions. 

A combined sector and TOF mass spectrometer is described in Enke at al U.S. Pat. No. 

25 4,472,631. In Enke's method, a collision cell is placed before a magnetic sector. A pulsed ion 
source is also used, so that the flight time of the ion can be measured. The time resolution is used 
for parent ion information while a spatial resolution from a sector is used to give daughter ion 
information. By using a digital computers partial two dimensional spectrum of the selected parent 
ion and daughter ions can be reconstructed. 

30 In Enke's invention, two spatial scan methods are described. One uses a fixed slit before the 
ion detector. Different daughter ion spectrums can be obtained by scanning magneticfield strength 
on the sector. For this method, only daughter ions with a particular m/z can be detected at a time. 
Daughter ions with a m/z other than this particular range of m/z will be thrown away. Less than 
1% of all possible useful information can be obtained by the Enke device. This device is thus not 

35 effect! veto obtain highly sensitivefull scan daughter ion spectrums. 

A design using a multi-channel spatial array detector is also described by Enke. With this 
design, magneticfield strength within the magnetic sector is not scanned during operation. Rather, 
a micro-channel array, positioned at the focal plane of the magnetic sector, simultaneously detects 
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and individually resolves ion currents from a plurality of ion paths by use of individual micro- 
channels. The individual outputs of the micro-channel array are connected through amplifiers to 
individualtime array detectors, connected to a digital computer. This method provides much better 
detection efficiency with a high duty cycle, but the spatial resolution is limited by the number of 
5 detector arrays and the size of the instrument. For a high resolution measurement, thousands of 
detector elementsand associated electronics would be needed. 

Disclosure of Invention 

10 

Parent ions are first separated by a relativelyslow, non-destructivescan device,for example, an 
ion trap. These parent ions are collected within the ion trap and then selectively released into a 
fragmentation device,such as a collision cell external to the first analyzer. Parent ion information is 
determined based on the time that individualparent ions are released from the ion trap or other first 
15 mass analyzer. The fragmentationdevicessequentiallyfragmentthe parent ions into daughter ions. 
Than each daughter ion is analyzed by a fast scan analyzer, for example, a time of flight (TOF) 
mass analyzer. 

In TOF scan, all ions from the same scan are originally from parent ions having the same 
mass/charge ratio (m/z). In a certain range, all ions will be fragmented and scanned by TOF scans. 
20 A completetwo-dimensional MS/MS map can be obtained after a single ion trap scan. A full scan 
MS spectrum can also be reconstructed by plottingtotal ion counts for each TOF scan. 

Different MS/MS scans such as daughter scan, parent scan, neutral loss scan and selected 
reaction monitoring are all subsets of this complete2-D MS/MS map. 

During the MS/MS scan, unlike ion filter type instruments,no unnecessary ion loss occurs. A 
25 multi-pole ion guide with an electric ion gate prior to the ion trap can also act as an ion reservoir 
" during the scan. Therefore,a theoretical 100% efficiency can be achieved. 

Brief Description of Drawings 

30 

FIG. 1 is a block diagram of a two-dimensional ion trap-TOF tandem mass spectrometer with 
an external collision cell. 

FIG. 2 is a block diagram of two-dimensional ion trap-TOF tandem mass spectrometer with an 
external infrared multi-photon dissociation (IRMPD) cell. 
35 FIG. 3 is a timing diagram that shows the correlation between the first stage analyzer and the 
second stage analyzer of the tandem mass spectrometer. 

FIG. 4 is a three-dimensional graphical MS/MS map of a mixture of five different angiotensons 
shown simulatingone example of how the MS/MS map of this invention would appear. 
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FIG. 5 is a two-dimensional plot of the MS/MS map of FIG. 4, viewed from above, showing 
the different subsets of MS/MS scans. 

FIG. 6 is a daughter ion scan subset of the MS/MS map of FIG. 5 for a single parent ion 
(m/z=884) simulating how such a daughter ion scan would appear using the subset two- 
5 dimensional MS/MS of this invention. 

FIG. 7 is a parent ion scan subset of the MS/MS map of FIG. 5 for a single daughter ion 
(m/z=610) simulating how such a parent ion scan would appear using the two-dimensional 
MS/MS of this invention. 

FIG. 8 is a neutral loss scan subset of the MS/MS map of FIG. 5 simulating how such a scan 
10 would appear using the two-dimensional MS/MS of this invention. 

FIG. 9 is a neutral loss two-dimensional map representing the X-axis in terms of amount of 
neutral loss. 

FIG. 10 is a re-constructed full scan first stage MS spectrum of all of the parent ions, 
simulatinghow such a scan would appear using the two dimensional MS/MS of this invention. 

15 

Best Modes for Carrying Out the Invention 

Referring to the drawings, wherein like reference numerals represent like parts throughout the 

20 various drawing figures, FIG. 1 depicts a tandem mass spectrometer featuring an ion trap as a first 
mass analyzer and a time of flight device as a second mass analyzer according to a preferred 
embodiment of this invention. The two mass analyzers are separated by a fragmentation cell. In 
FIG. 2, a variation on the tandem mass spectrometer of FIG. I is shown where an infrared laser is 
i ncl uded as part of the f ragmenter between the two mass analyzers. 

25 In essence, and with particular reference to FIG. 1, a sample is typically first ionized and then 
fed into an ion guide within a vacuum region leading the ions of the sample into the ion trap or 
other first stage mass analyzer. The ion trap thus contains one or more species of parent ions 
therein. As a voltage of the ion trap is increased, ions of different mass/charge ratio (m/z) are 
sequentially released from the ion trap with such release detected so that a mass/charge ratipfor the 

30 ions being released is determined. The parent ions released from the ion trap are then passed 
through a fragmentation cell, where various different fragmentation methodologies can be utilized 
to divide the parent ions passing therethrough into daughter ions. These daughter ions are then 
passed on to a second stage mass analyzer preferably in the form of a time of flight (TOF) mass 
analyzer. The TOF mass analyzer accelerates the daughter ions and then measures an amount of 

35 timefrom ion acceleration until impactinga detector. This time is correlated with the mass/charge 
ratio of the daughter ions. 

Data collection, preferably in the form of a digital computer, is coupled to the ion trap mass 
analyzer and the TOF mass analyzer so that two dimensional data representati veof the mass/charge 
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ratios of both the parent ions and the daughter ions (i.e. FIG. 5), as well as the relativeabundance 
potentiallyforming a third dimension (FIG. 4), can be plotteda varietyof different ways. 

More specifically, and with particular reference to FIG. 1, details of the tandem mass 
spectrometer according to a preferred embodiment of this invention, is described. In FIG. I a 
5 liquid sample is ionized 2, such as via electrospray,by applying a high voltage between an electron 
spray ionization (ESI) needle 1 and the end of sample inlet capillary 4. Charged droplets and/or 
gaseous phase ions pass through the sample capillary 3 and enter into the low vacuum region 5 
which is pumped by a roughing pump to about 1 mbar. Most of the air, moisture and neutral 
solvent molecules are pumped away in this stage. A cone shaped skimmer 7 allow ions through to 

10 the next stage. Preferably, a RF only multi-pole ion guide 8 is placed in the next pump region. 
The pressure in this region is between 0.01 to 0.001 mbar. In such pressure, ions will undergo 
collisional cooling 38. An electrostatic lens 9, 10 is preferably provided to further focus the ion 
beam. The above ion source details are typical, but any technique for delivering sample ions to the 
first stage analyzer of this inventioncan be similarly utilized. 

15 The ion trap itself can be of either a three dimensional varietyor configured as a linear ion trap. 
Preferably, the ion trap is of the three dimensional type and includes two end cap electrodes 1 1, 13 
and a ring electrode 12 which together form an electric field to trap the parent ion therein. Ions 
pass through an ion trap inlet, typically in the form of a hole in the end cap electrode 1 1 and are 
first trapped in center region 37. These parent ions in the sample are then sequentially released 

20 through an ion trap outlet, typically in the form of an exit hole in end cap 13, based on their mass 
charge ratio m/z. Before the parent ions enter an entrance of the collision cell 16, the kinetic energy 
of the parent ions from the ion trap is controlled by electrodes 1 3 and 14. 

Collision cell 16 can be any of a varietyof means to fragment parent ions into daughter ions. 
Preferably, the fragmentation cell used keeps the ions contained along a path leading to the second 

25 stage analyzer,typicallya TOF analyzer,downstream. As shown, the collisioncell 16 typicallyhas 
a RF only multi-pole 17 therein. Ions are thus focused in center region 36 and make collision with 
Argon or other collision gas in the cell. This process, providing one non-exclusive form of ion 
fragmenter is referred to as a collision induced dissociation (CID) device. The daughter ions 
passing out of the fragmenter through an exit (also called fragment ions or productions) are then 

30 typically focused and cooled by another RF only multi-pole ion guide 19 and preferably pass 
through an electrostatic lens and ion gate assembly 20, 21, 22 before entering in input into the 
second stage mass analyzer,preferably in the form of a time of flight (TOF) device. 

In the TOF device,a push pulse (i.e. 300V) is applied on electrode23. Ions are pushed to the 
acceleration region 25. The potential different between mash 26 and 24 accelerate ions to high 

35 speed. Ions will fly at a constant speed through a field-^free drift region 27, and then are reflected 
by a reflectron,also called an ion mirror 28-30, before finally striking onto a multi channel plate 32 - 
(MCP) or other detector. Ion striking signals are typically detected by an anode 33 located behind 
the MCP. The pusher pulse of the acceleration region 25, typically 10Hz to 20kHz, also triggers a 4 
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timing reference for a digitizer. Based on time difference between ion arrivingsignal and reference 
trigger signal, time of ion flight is recorded digitally into a computer, later to be converted to 
mass/charge ratio data for that ion. The computer is configured as one form of a means to acquire, 
organize,store and/or display the data as depicted in FIGS. 4-10. 
5 The TOF mass analyzer beneficially very quickly scans the daughter ions so that the TOF 
device is ready to scan daughter ions from the next parent ion subsequently entering the collision 
cell. To keep the overall tandem mass spectrometer functioning properly in real time, the TOF 
device preferably scans at least one hundred times faster than the first stage mass analyzer, and 
preferably one thousand times faster. The first stage mass analyzer can be in the form of a slow 
10 TOF device with a gate style detector that can pass parent ions to the collision cell before resulting 
daughter ions are analyzed by a first TOF device, to keep the speed differential between the two 
mass analyzers sufficient to avoid overlapof daughter ions from different parent ions in the second 
stage TOF device. 

In FIG. 2, infrared multi-photon dissociation (IRMPD) is used to fragment ions. A laser beam 

15 from an infrared laser 39 is reflected by a mirror 40 into a RF only multi-poleregion. A parent ion 
beam from the ion trap is deflected by a deflector 41 into the same region. The parent ions are 
fragmented by IR radiation. Unlike CID, IRMPD does not require certain kinetic energy for 
parent ions, and does not need collision gas. Otherwise, the tandem mass spectrometer 
embodiment of FIG. 2 is similar to that of FIG. I. The fragmenter can similarly be designed to 

20 operate on the principals of collisionally activateddissociation or surface induced dissociation, to 
achievethe di vidingof the parent ions into daughter ions. 

FIG. 3 is a timing diagram for the ion trap-TOF tandem MS/MS apparatus of this invention 
depicting time advancefrom left to right. Ion gate 9 (FIG. 1) drops the voltage 50 (FIG. 3) to 
allow ions to enter into the ion trap 37. The ion gate 9 (FIG. 1) will stay open for a short amount 

25 of time 52 (i.e. 1-15 milliseconds),then it will close by rising the voltage 51 (FIG. 3). Meanwhile, 
the ion trap will trap ions 54. During the ion trap scan cycle 53 that follows, the ion gate 9 will 
remain closed 59. Ions upstream of the ion gate 9 can be accumulated in a multi-pole ion guide 
with an electric gate if desired, as described above,but are kept out of the ion trap 37. Also,during 
the ion trap scan cycle 53, voltage pulses 55,56 of typically approximately 300V will be sent to the 

30 TOF pusher 23 (FIG. 1 ) to start the TOF scan. 

Each TOF scan represents ions ejected from the ion trap between the last pulse and current 
pulse, which is a small slice 57 of parent ions. Additional pulses will result in additional slices of 
parent scans 58 for different parent ion mass/charge ratios. The resolution of such slices will 
depend on ion trap scan speed and TOF pusher pulse frequency. For example, if trap scan rate is 

35 2000 amu/sec,that will scan from 300-1300 in half a second, and if TOF pusher frequency is 
20kHz, that will give 0.1 amu resolution for parent ions. There will be a few microseconds time 
delay to allow ions through the collision cell, and also have some velocity variations during this 
transition, affecting parent ion resolution slightly. If IRMPD fragmentation is used, the daughter 
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ions remain closer together and parent ion resolution is not so affected. 

FIG. 4 is a three-dimensionalfragmentation spectrum of a fiveangiotensons mixture sample as 
it would appear if analyzed using the tandem mass spectrometer of this invention. The x-axis 60 
represents daughter ion (fragmentation ion) mass to charge ratios and the y-axis 61 represents 
5 parent ion mass to charge ratios. The data shown is actually compiled from multiple separate 
analyses with prior art apparatuses and combined in a fashion depicting how this invention would 
collect and display data in a single analysis. FIG. 4 graphically illustrates the multi-dimensional 
information of a complete parent-daughter MS/MS map. The spectrum in FIG. 4 shows five 
peptides with different adducts, also charge states are from one to three. This spectrum represents 

10 the complexity with which multiple compounds may co-elute from a single HPLC peak. It only 
takes a few seconds by this inventionto get a complete2-D spectrum as shown. In contrast, hours 
of extensi vescanning would be required with prior art tandem mass spectrometry. 

FIG. 5 is a two-dimensional plot from the same spectrum of data shown in FIG. 4. Once data 
from this spectrum has been entered into a digital computer it can be viewed in various ways to 

1 5 provide the desired information. For instance,if the data along a horizontal line 66 is plotted alone, 
as shown in FIG. 6, a daughter scan spectrum for parent ion m/z=884 is provided. If the data 
along a verticalline65 (FIG. 5) is plotted alone, as shown in FIG. 7,a parentscan for daughter ion 
m/z=610is provided. 

A diagonal line 67 with the x coordinate equal to the y coordinate represents the data related to 

20 unfragmented parent ions. A diagonal line 68 to the left of this first diagonal line 67 where the x 
coordinateis 18 less than they coordinate,represents whata neutral loss scan plottedalone would 
providers shown in FIG. 8. If the data for the sum of all x values is plotted on the y-axis,as 
shown in FIG. 10, a full MS scan of the parent ions is provided. 

FIG. 9 shows the 2-D neutral loss map from the same spectrum. In this plot, the data points are 

25 shifted to the left. The distance of the shifting is equal to the y value. As a result, the new x-axis 
85 is transformed to the value of neutral loss. Line 68 in FIG. 5 becomes line 88 in this plot of 
FIG. 9. Line 67 (FIG. 5) becomes line 89 (FIG. 9). This plot of FIG. 9 gives a clear two- 
dimensional picture that graphically illustrates the neutral loss relations of each parent ion. Every 
point lined up vertically(i.e. at 90) represents the same neutral loss. 

30 This disclosure is provided to reveal a preferred embodimentof the invention and a best mode 
for practicing the invention. Having thus described the invention in this way, it should be apparent 
that various different modifications can be made to the preferred embodiment without departing 
from the scope and spirit of this disclosure. When structures are identifiedas a means to perform 
a function, the identification is intended to include all structures which can perform the function 

35 specified. When structures of this invention are identified as being coupled together, such 
language should be interpreted broadly to include the structures being coupled directly together or 
coupled together through intervening structures. Such coupling could be permanent or temporary 
and eitherin a rigid fashion or in afashion which allows pivoting,sliding or other relative motion 
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while still providing some form of attachment. When elements are described as upstream or 
downstream relativeto other elements, the elements can be directly upstream or downstream with 
no intervening elements or indirectly upstream or downstream with intervening elements 
therebetween. 

5 

Industrial Applicability 

This invention exhibits industrial applicability in that it provides apparatuses and methods for 
10 more rapidly, more completely, more flexibly and more efficiently obtaining data of the type 
obtained by tandem mass spectrometry (MS/MS). 

Another object of the present invention is to provide an apparatus and method for rapidly 
obtaining ion mass data with high sensitivity and a large dynamic range. 

Another object of the present inventionis to providea single mass spectrometry instrument that 
15 has good versatility and can perform in multiplescan modes. 

Another object of the present invention is to provide a method and apparatus for obtaining 
MS/MS type two dimensional data about parent ions and daughter ions sufficiently rapidly to 
facilitate combination with a chromatographicapparatus, such that complete multidimensionaldata 
20 can be obtained in real time,during the relativelyshort duration of a single chromatographic peak. 

Another object of the present invention is to provide a method and apparatus that uses a non- 
destructivemass analyzerfor both first and second stage analysis for obtaining complete spectrum 
MS/MS type data. 

Other further objects of this invention, which demonstrate its industrial applicability, will 
25 become apparent from a careful reading of the included detailed description, from a review of the 
enclosed drawings and from review of the claims included herein. 
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What is claimed is: 

5 Claim 1 - A multiplestage mass spectrometer,comprising in combination: 
a first non-destructivemass analyzer including an ion trap; 
an ion f ragmen ter downstream from the first mass analyzer; and 
a second mass analyzer downstream from said ion fragmented 

10 CJaim2 - The mass spectrometer of Claim 1 whereinsaid ion trap includesan inletcoupled to 
a source of a sample including at least one species of parent ions. 

Claim 3 - The mass spectrometer of Claim 2 whereinsaid ion trap is a three dimensional ion 
trap. 

15 

Claim4 - The mass spectrometer of Claim2 wherein said ion trap is a linear ion trap. 

ClaimS - The mass spectrometer of Claim 1 wherein said first mass analyzer includes an 
outletfor the parent ions contained therein,said outletaligned with said ion fragmenter. 

20 

Claim6 - The mass spectrometerof ClaimS whereinsaid ion fragmenteris adaptedto divide 
parent ions from said first mass analyzerinto daughter ions. 

Claim7 - The mass spectrometerof Claim6 whereinsaid ion fragmenter includes a collision 
25 induced dissociation device. 

Claim 8 - The mass spectrometerof Claim 6 wherein said fragmenter includes an infrared 
multi-photon dissociation device. 

30 Claim9 - The mass spectrometerof Claim6 whereinsaid fragmenter includes a collisionally 
activateddissociation device. 

Claim 10 - The mass spectrometerof Claim 6 wherein said ion trap includesan outletaligned 
with an entrance into said ion fragmenter. 

35 

Claim 11 - The mass spectrometerof Claim 6 whereinsaid fragmenter includes an exitaligned 
with said second mass analyzer. 

10 
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Claim 12 - The mass spectrometer of Claim6 wherein said second mass analyzer is adapted to 
separate ions on the order of at least one thousand time faster than separation by said first mass 
analyzer. 

5 Claim 13 - The mass spectrometer of Claim 12 wherein said second mass analyzer includes a 
time of flight device. 

Claim 14- The mass spectrometer of Claim 1 wherein a computation device,a memory and a 
display are coupled to both said first mass analyzer and said second mass analyzer to receive data 
10 from said first mass analyzer and said second mass analyzer associated with ions detected by said 
first mass analyzer and said second mass analyzer. 

Claim 15 - The mass spectrometerof Claim 14 wherein said computation device is adapted to 
combine data from said first mass analyzer with data from said second mass analyzer to create a 
15 two dimensional output plot of mass to charge ratios for at least two parent ions detected by said 
first mass analyzer and at least two daughter ions detected by said second mass analyzer. 

Claim 16 - The mass spectrometerof Claim 1 wherein a source of ions is provided upstream 
from an inlet into said first mass analyzer, said source of ions includingan electrospray upstream 
20 from a RF only multi-poleion guide upstream of an electrostaticlens upstream of an inlet into said 
first mass analyzer. 

Claim 17 - A tandem mass spectrometer^comprisingin combination: 

a first non-destructivemass analyzer having a parent ion inlet and a parent ion outlet; 
25 means to fragment parent ions downstream from said first mass analyzer into daughter 

ions; and 

a second mass analyzer having a daughter ion input downstream from said parent ion 
fragmenting means. 

30 Claim 18- The mass spectrometerof Claim 17 wherein said first mass analyzer outlet is 
selectively openable and closable with said first mass analyzer adapted to release parent ions 
therefrom when said ion outlet is open and to retain parent ions within said first mass analyzer 
when said outlet is closed. 

35 Claim 19 - The mass spectrometerof Claim 18 wherein said first mass analyzer includes an ion 
trap. 
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Claim20 - The mass spectrometer of Claim 19 wherein said ion trap is a three dimensional ion 
trap. 

Claim2l - The mass spectrometer of Claim 19 whereinsaid ion trap is a linear ion trap. 

5 

CIaim22 - The mass spectrometerof Claim 19 whereinsaid parent ion outlet of said first mass 
analyzeris adjusted from an open position to a closed position by adjusting a voltageof an electric 
field of said ion trap. 

10 Claim23 - The mass spectrometerof Claim 17 wherein both said first mass analyzerand said 
second mass analyzer are coupled to a means to acquire data related to mass to charge ratios of 
ions detected by both of said mass analyzers, with said data displayed in two dimensions. 

Claim 24 - The mass spectrometer of Claim 23 wherein said means to acquire data includes 
15 mean to display said data in two dimensions including an x axis and a y axis with one of said axes 
representing a mass to charge ratio of parent ions and the other of said axes representing a mass to 
charge ratio of daughter ions. 

Claim 25 - The mass spectrometerof Claim 17 wherein said second mass analyzer includes a 
20 time of flight device. 

Claim26 - The mass spectrometerof Claim25 whereinsaid first mass analyzer includes an ion 
trap. 

25 Claim27 - The mass spectrometer of Claim 17 wherein said fragmentation means includes a 
collision cell. 

Claim 28 - The mass spectrometerof Claim 26 wherein said collision cell includes an RF only 
multi-pole therein and a collision gas therein such that said collision cell is adapted to cause 
30 collision induced dissociation. 

Claim29 - The mass spectrometerof Claim 17 wherein said fragmentation means includes an 
infrared laser oriented to expose the parent ions with photons to induce fragmentationof the parent 
ions into daughter ions. 

35 

Claim30 - The mass spectrometerof Claim 16 whereinsaid first mass analyzer includes a time 
of flight device,said second mass analyzerincludes a time of flight device separate from said first 
mass analyzer, said second mass analyzer configured to operate at least one hundred times faster 
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than said second mass analyzer. 

Claim31 - A two stage mass analyzer,comprising in combination: 

a first mass analyzer in the form of an ion trap, said ion trap having an inlet downstream 
5 from a parent ion source and a parent ion outlet; 

a fragmentation cell downstream from said ion trap, said fragmentation cell adapted to 
divide parent ions from said ion trap outlet into daughter ions, said fragmentation cell including a 
daughter ion exit; and 

a second mass analyzer including a time of flight device downstream from said 
10 fragmentationcell exit. 

Claim 32 - The two stage mass analyzer of Claim 31 wherein a computer is coupled to said 
first mass analyzer and said second mass analyzer, said computer adapted to acquire mass to 
charge ratio data for both parent ions from said first mass analyzer and daughter ions from said 
1 5 second mass analyzer. 

Claim 33 - The two stage mass analyzer of Claim 32 wherein said computer is adapted to 
correlate parent ion data with daughter ion data. 

20 Claim 34- The two stage mass analyzer of Claim 33 wherein said computer is adapted to 
display correlated parent ion and daughter ion data in the form of a two dimensional plot including 
an x axis and a y axis with one of said axes representing a mass to charge ratio of the parent ions 
and the other of said axes representing the mass to charge ratio of the daughter ions. 

25 Claim35 - Thetwostage mass analyzer of Claim 31 wherein said fragmentation cell includes a 
collision induced dissociation device. 

Claim 36 - The two stage mass analyzer of Claim 31 wherein said fragmentationcell includes 
an infrared multi-photon dissociation device. 

30 

Claim 37 - The two stage mass analyzer of Claim 31 wherein said fragmentationcell includes a 
collisionallyactivateddissociation device. 

Claim 38 - The two stage mass analyzer of Claim 3 1 wherein said ion source upstream of said 
35 first mass analyzer is an output of a chromatography device. 
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